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PHYSIOGRAPHY AND HYDROLOGY OF THE




University of Arkansas at Little Rock
Little Rock, AR 72204
ABSTRACT
The Saline River is one of two significant river systems in Arkansas that does not have a major impound-
ment. In the interest of continuing this status, this project was conducted. Thirty-five sites on the four
major and six minor .tributaries of the upper saline River, Saline and Garland Counties, Arkansas, were
visited a total of58 times between 24 January 1 985 and 21 November 1986. Habitat quality was assessed
by measuring twelve physicochemical features and flow parameters, analyzing substrate composition and
describing stream morphometry. Physicochemical measurements were within the limits of good quality
habitat, and most of the readings were quite low. Representative sites on the four major tributaries had
pool/riffleratios between 1.1 and 2.9, whereas a comparison site on the Saline main stem downstream
from Benton had a ratio of 4.1. Lower ratios represent anearly equal length of pool vs. riffle thus offering
inoptimum number of niches for occupation by a stable ratio of forage to predatory fish species. There
was a wide variety ofrefugia within the habitat for the temporary escape and protection of forage species,
but some sites lacked such refugia for the Ouachita madtom because sand and silt had settled into the
substrate interstices. Substrate composition was highly variable. Riffles contained pieces of many sizes
from sand to large rock (up to 30 cm dia.). Average percent in each size group were >1 7mm = 58%
(range 0-90), 6.3-1 6mm = 24% (range 0-60), 1.0-6.2mm = 9.4% (range 0-50), 0.5-0.9mm = 3.5%
(rangeO-10), <0.5mm = 2.4% (range 0-7) and other = 3.7%. Pools usually contained areas of sand,
leaf/detritus beds, bedrock orslabrock and rock. Average stream flowparameters were depth = 0.253m
(range 0.04-0.55), velocity = 0.557m/s (range 0.16-1.01), width = 9.486m (range 2.0-32) and
discharge (Q) = 1.34cms (range 0.042-5.28). Upper reaches of the stream were well shaded with
steamside vegetation including sweet gum, black willow, willow oak, water oak, sycamore, blackgum,
river birch, buttonbush and alder. Lower reaches were less shaded. By early September many stream
channels were somewhat choked with water willow, and abundant algae grew inthe shallower poolareas.
INTRODUCTION
The upper Saline River is comprised of four main tributaries that
begin in western Saline County and eastern Garland County. Itis one
of two major rivers in Arkansas that does not have a major impound-
ment. Several studies of a specific nature have been conducted in this
area, but none have attempted topulla variety of information together
and identify attributes that would specifically favor its preservation.
Holistic description of the upper Saline River is not attempted in this
paper, but perhaps it willbe a beginning.
Numerous fish collections have been made in the area, resulting in
or contributing to the description of new species, populations deserv-
ing of special concern or unique or interesting community structure.
Birdsong and Knapp (1969) described the creole darter (Etheostoma
collettei) as occurring over much of southern Arkansas and northern
Louisiana, but the Saline River seems tobe its region of greatest abun-
dance. Taylor (1969) described the Ouachita madtom (Noturus lachneri)
as an endemic species from a few specimens taken entirely within the
upper Saline River system. Robison (1974) listed the Saline River as
one of the few locations forboth the taillight shiner (Notropis maculatus)
and the colorless shiner Notropis perpallidus).
This paper describes, in a general way, the major physicochemical,
hydrological and watershed features and attempts to relate these to the
needs of the fish and benthic communities and possible recreational
use. More detailed and lengthy study is needed to fullycharacterize the
"ver, its hydrology and watershed and its biotic community.
DESCRIPTION OF THE AREA
The watershed from which the Saline River arises includes 1391 km2
ofpine-hardwood forest, some clear-cut areas and areas influenced by
man, such as stock farming, light industry and limited housing develop-
ment. The four major tributaries comprises 354 km of waterway (Figure
1). For purposes of comparing the tributaries, the confluence of the
Figure 1.Collecting sites for physiography and hyrology data on the
upper Saline River system, Saline and Garland Counties, Arkansas,
1985-86.
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Alumand MiddleForks is considered to be the beginning ofthe Saline
River proper, and second-order status is assigned to the four main
tributaries because of their habitat similarities. The Alum Fork is longest
and drains the largest area, followed by the North Fork (Figure 2, Table
for Little Rock, whereas LakeNorrell is a 167 ha water reservoir for
Benton and is located on Brushy Creek, a small tributary of the North
Fork. Although these impoundments may act as filters for migrating
fish (e.g. darters), their effects should be very local within the watershed.
MATERIALSAND METHODS
Data collections were made during 58 visits to 30 sites (Figure 1,Table
2). Physicochemical tests were done on site with a HACH DR/EL
analysis kit(Hach Chemical Co., Ames, IA),which are based on pro-
Table 2. Physiographic and hydrologic data collecting sites in the
upper Saline River system, Saline and Garland Counties, Arkansas,
1985-86.
Date(s) aSite Location
1 Ten Mile Creek, T2S.R17W.S29 (86)5/13,10/3
3 Ten Mile Creek, T2S.R16W.S19 (85)1/24; (86)9/ 19
4 Ten Mile Creek, T2S.R16W.S19-20 (86)3/12
5 South Fork, T1S,R19W,S35 (86)8/29
6 South Fork, T2S.R18W.S5 (86)5/22
7 South Fork, T1S,R18W,S34 (85)2/28
8 South Fork, T2S.R18W.S3 (86)9/26
9 South Fork, T2S.R16W.S18 (86)5/30,8/2,9/19
10 Middle Fork, T1N.R19W.S28 (86)5/16
11 Middle Fork, T1S.R18W.S3 (85)2/28,8/2
12 Middle Fork, T1S.R17W.S21 (85)6/13; (86)5/29
14 Middle Fork, T1S.R16W.S30 (86)6/24,8/2
15 Middle Fork, T1S.R16W.S32 (86)11/21
16 Alum Fork, T2N.R18W.S29 (85)5/17 ,6/29; (86)6/ 17
17 Little Alum Fork, T1N.R18W.S13 (86)5/14,8/22
18 Alum Fork, T1N.R17W.S18 (85)3/7 ,11/6;(86) 1/31,2/28,
4/11,6/20,8/22
20 Alum Fork, T1N.R17W.S29 (85)4/18;(86)9/5
21 Lee Creek, T1N.R17W.S25 (85)4/18
23 Alum Fork, T1S.R16W.S30 (86)6/24,8/2,11/21
24 Alum Fork, T2S.R16W.S2 (85)5/16; (86)7/3,8/1
25 Alum Fork, T2S.R15W.S6 (86)9/12
26 Williams Creek, T1S.R16W.S23 (86)6/12
27 Williams Creek, T1S,R15W,S3O (85)3/14
28 Moccasin Creek, T1S.R15W.S19 (85)3/27
29 North Fork, T2N.R17W.S16 (85)3/7
31 North Fork, T1N.R16W.S10 (86)5/27
32 Dog Creek, T1N.R16W.S27 (85)3/27
33 North Fork, T1N.R16W.S25 (86)10/17
34 Caney Creek, T1N.R15W.S28 (85)3/14
35 North Fork, T1S.R15W.S8 (85)5/ 10,10/25 ;<86) 1/17,
2/18,4/1,4/24,5/22,8/8
Pattern for dates: (year)month/day.
Figure 2. Schematic diagram with distance relationships of the four
major tributaries ofthe upper Saline River system, Saline and Garland
Counties, Arkansas.
1). Minor tributaries are assigned first-order status except Williams and
Moccasin Creeks, which technically are second-order streams because
they connect to the third-order Saline River, but their habitat
characteristics are more similar to the first-order streams sampled. Lake
Winona, far up on the Alum Fork, is a 555 ha water supply reservoir
cedures in Standard Methods (Rand et ai, 1976). Following is a list







Winkler-azide titration method; total hardness —ManVer IItitration
method; total alkalinity—titration method; O-phosphate — ascorbic acid
method; nitrate-nitrogen
—






and iron—1,10-phenathroline method. Substrate was analyzed by shak-
ing scoops of material through a graded sieve set and measuring the
volume of each size category by displacement. Stream velocity was
measured witha General Oceanics Model 2031 flowmeter, whereas other
morphometric features were recorded by measurement and observa-
tion. Stream discharge (Q) was calculated with the formula Q = dwv
(mean depth x widthxmean velocity)(Reid and Wood, 1976:75). Pool
morphology (length, mean width and mean depth) was measured to
determine the pool residence time, whereas respective lengths of pools
and riffles wereused to calculate the pool/ riffleratio. The division be-
tween pooland riffle was arbitrarily set at the point where velocity was
less than 0.05 m/s.
Table 1. Upper Saline River drainage areas and tributary length by
county.
Counties Saline Garland Perry Pulaski Total
DRAINAGE AREA (km2)
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RESULTS AND DISCUSSION
declined to 7.2 during Aprilthrough June 1986. Hardness measurements
ranged from 10 to100 mg/1 and were highest during the falland winter.
Alkalinityreadings were between zero and 75 mg/1 but didn't seem
to exhibit any seasonality. Phosphate ranged between 0.05 and 1.15
mg/1 with no apparent change due to season alone.
Chemistry
Individual physicochemical measurements are given in Table 3,
whereas arithmetic means by month are given in Table 4. Alltests
Table 3. Physicochemical data from the upper Saline River system, Saline and Garland Counties, Arkansas, 1985-86.
Air temp H20 Temp Turb pH D.O. Toe Hard Tot Alk.i O-Phos NO3-N NO2-N Sulfate Fe Q






27 20 12 50 8.5 10.8
34 22 13 24 7.6 10.3






20 26 20 0 7 8.6
35 21 20 0 7.4 8.5
24 28 20 0 6.8 8.6
16 30 21 0 6.7 9.2
16 34 23 5 6.5 6.9
35 24 20 8 7.4 7.5






17 Jan 86 35 14 11 4 7.4 12.6
































3 19 9 1.5 7.2 13.2
11 15 10 8 6.6 11.5
7 14 10 2 6.2 12
18 21 10 6 6.9 10.9
29 20 9 0 6.4 11.5
35 25 12 2 7.5 11.2
18 2 10 10 7.8 11
35 26 21 6 7.2 9.8
18 21 19 10 6.7 9.4
35 27 17 6 7.2 10.8
1 32 20 0 6.4 8.8
17 29 20 2 7.6 8.6
10 29 23 2 7.3 8.6
35 23 19 9 7.1 9
6 28 22 0 7.2 8.6
31 25 21 7 6.8 9.2
12 30 23 6 7.6 8.8
9 32 24 4 7.8 9.6
26 27 24 8 8 8.8
16 31 27 4 6.3 8.2
18 33 25 4 7.2 9
23 34 26 0 7.4 8.4
14 35 27 7 7.6
24 35 27 10 7.8 8.4
18 36 27 5 7.8 9.2
17 36 25 0 8.1 9.6
5 28 24 7 7.3 9.2
20 29 24 4 7.1 6.6
25 30 26 4 7.8 9.4
3 33 27 0 7.1 8.8
9 32 27 4 7.8 9.4
8 32 26 8 7.8 8.2
1 31 22 0 6.4 8.8
33 23 17 8 7.1 9
15 16 11 1 8.2 11
23 16 11 3 7.6 10.2
40 10 .19 1.3 .015 9 .06 .419
60 35 .75 1 .025 .07 3.444
70 10 .18 1.4 .19 1.843
40 5 .21 1 .017 .04 2.974
30 0 .18 1.3 .031 .07 .351
90 50 .22 .7 .013 .06 2.072
80 33 .14 1.3 .014 12 .21 2.57
75 70 .91 1.2 .02 .07 .6
38 30 .42 1 .022 12 .04 .96
54 40 .65 1.3 .017 11 .15 1.211
62 50 .4 1.8 .042 11 .18 5 .28
10 5 .22 1.4 .057 5 .07 .281
12 10 .26 1.7 .13 6 .04 .2
70 48 .21 1.1 .015 10 .04 .48
58 37 .47 1.8 .028 8 .05 .536
60 30 .5 .6 .017 12 .13 .473
78 38 .82 .2 .005 7 .01 .238
60 30 .19 .7 .027 .04 2.52
70 20 .11 .8 0 9 .02 .397
35 20 .48 .8 .017 6 .01 1.563
53 7 .1 .4 .011 0 .22 2.623
38 20 .14 .5 .005 2 .13 4.838
20 10 .2 .5 .007 6 .04 .112
65 37 .12 .6 .018 11 .2 .072
30 24 .29 .9 .088 14 .18 .252
32 15 .12 .4 .015 6 .15 2.298
42 30 .26 1.1 .024 7 .08 .81
20 3 .17 .5 .009 10 .28 1.285
58 47 .24 .5 .017 11 .25 2.496
59 40 .07 .6 .034 9 .3 .733
100 75 1.15 .4 .039 9 .14 .426
10 2 .14 .6 .025 7 .17 1.287
32 27 .12 .9 .058 5 .26 .692
40 37 .16 .5 .022 5 .23 .593
62 46 .07 .4 .021 8 .21 .995
58 50 .13 .5 .008 5 .15 1.94
48 35 .08 .5 .037 5 .02 .144
80 59 .14 .95 .033 13 .07 .079
46 25 .05 .35 .012 1 .17 .123
40 30 1.1 .8 .014 2 .06 .202
50 50 .15 1.1 .03 5 .07 .785
34 27 .1 .7 .031 7 .03 .094
48 40 .16 .5 .018 8 .05 .277
52 50 .26 .4 .001 5 .03 .154
18 12 .11 1.3 .011 11 .05 .042
55 45 .07 .4 .008 9 .04 .048
68 50 .2 1.3 .047 8 .05 .969
75 40 .07 .5 .002 9 .04 .646
except temperature and turbidity showed considerable variation among
the sampling sites. Water temperature varied mostly with seasons (Figure
3) ranging from 7 to 27 C, whereas the turbidity was between 0 and
50 FTUs. The highest turbidities were measured when a tributary was
flooded followinga rain. Dissolved oxygen ranged from 6.6 to 13.2
mg/1, whereas pH readings were between 6.2 and 8.5. Dissolved
oxygen was greater during the winter months withlittle difference be-
tween 1985 and 1986. pH was lowest during January and February 1985
(6.7) and gradually rose to 7.7 during the same months in 1986, then
Table 4. Means of physicochemical measurements by month in the
upper Saline River, Saline County, Arkansas, 1985-86.
MONTHS
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
3445 10 613533N
pH 7.53 7.02 7.35 7.14 7.15 7.17 7.80 7.73 7.52 6.97 7.70
D. 0. 12.8 11.4 10.9 9.4 9.8 8.3 8.4 9.3 8.5 8.4 10.7
Hard. 59 65 60 48 44 43 58 58 .45 48 67
Alka. 26 24 22 29 30 33 50 40 39 35 42
Phos. 0.50 0.31 0.19 0.41 0.27 0.32 0.13 0.09 0.35 0.13 0.25
NO3-N 0.77 0.98 1.08 0.78 0.91 0.75 0.50 0.60 0.70 0.93 1.20
N02-N .012 .060 .019 .015 .032 .049 .008 .027 .019 .011 .026
Sulfate 9.3 9.0 12 5.0 10 6.7 5.0 6.3 5.4 10 8.3
Iron .067 .043 .095 .094 .188 .175 .150 .087 .048 .043 .047
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Figure 3. Average monthly water surface temperatures in the four
major tributaries of the upper Saline River system, Saline and Garland
Counties, Arkansas, 1985-86 (data from this study).
in 1985 than in 1986. Nitrite-nitrogen varied sporadically from zero to
0.19 mg/1. The highest values were obtained on 28 Feb and 29 Jun
85, whereas the lowest readings were obtained on 28 Feb, 31 Jan and
24 Apr 86. Sulfate generally ranged between zero and 14 mg/1 with
no season oriented variation. Ironconcentrations ranged from 0.01 to
0.30 mg/1 witheight of the nine highest occurring between 11 April
and 24 June. Twelve of the 14 lowest measurements occurred between
19 September and 1 April.
Some interesting comparisons among the four major and several
minor tributaries occurred (Table 5). Between the Alum Fork and its
Table 5. Means of physicochemical measurements by tributary in the
upper Saline River, Saline County, Arkansas, 1985-86.
TRIBUTARY
Alum Alum-trib Middle South South-trib North
N 17 4 5 6 4 10
pH 7.24 8.05 7.46 7.35 6.78 7.24
D. O. 9.20 9.28 10.2 9.50 9.90 9.94
Hardness 46 82 56 53 28 51
Alkalinity 28 58 40 32 17 28
Phosphate 0.29 0.58 0.31 0.16 0.15 0.26
Nitrate-N 0.91 0.77 0.82 0.72 0.90 0.81
Nitrite-N 0.030 0.025 0.040 0.046 0.016 0.016
Sulfate 6.3 11.0 10.2 6.0 8.2 8.7
Iron 0.098 0.108 0.152 0.126 0.045 0.114
minor tributaries (Lee Creek and Little Alum), the latter exhibited
generally higher pH, hardness, alkalinity, phosphate and sulfate
readings. Curiously, the site above Lake Winona on the Alum Fork
measured very low hardness and alkalinity and rather lowpH, whereas
the Little AlumFork tributary, arising from supposedly a very similar
geologic formation nearby, had rather high readings. Conversely, the
only significant tributary ofthe South Fork, Ten Mile Creek, exhibited
generally lower pH, hardness and alkalinity than the South Fork itself.
These variations seem to be correlated with the relative amounts of
limestone exposure in the watershed
— the Little Alum Fork arises in
an area containing some Womble shale (Phil Kehler, UALR Earth
Science Dept.), which contains a small amount oflimestone. Large areas
which were recently clear-cut occur in the watershed of the upper Alum
Fork, and smaller areas which were recently clearcut lie in the water-
shed of Ten Mile Creek. Although these clearcut areas are being
recolonized rapidly, for some length of time the quality of the runoff
willbe affected. Most of these tributaries begin as seeps rather than
springs of sudden appearance, so itis unlikely that any differences are
related to the origin. The upper Alum Fork may depend more heavily
on surface runoff for stream maintenance than Ten Mile Creek or
Little Alum Fork because it became spatially interrupted (probably sub-
surface) during July and August 1986. The Little Alum and Ten Mile
Creek never ceased measurable flow.The tendency for broken flow is
not limited to the upper AlumFork (Robison and Harp, 1985) but still
creates a situation of special concern for many species.
Substrate
Table 6gives substrate analysis data. Although there was considerable
variation among the sites, the largest particle size group (>16 mm) was
dominant withan average of 58%. The other size groups had means
Table 6. Substrate composition and stream flow parameters in the
upper Saline River system, Saline and Garland Counties, Arkansas,
1985-86.
Percent In each size group (mm) Stream flow (ra)
Date Site >16 6.3-16 1.0-6.3 0.5-0.9 <0.5 ml} mV W Q(cms)
1/24/85 3 67 20 12 0.5 0.5 0.23 0.35 5.2 0.419
2/28 11 50 25 19 3.0 3.0 0.48 0.41 17.5 3.444
2/28 7 0 42 50 3.0 5.0 0.27 0.35 19.5 1.843
3/07 29 90 6 2 1.0 1.0 0.18 0.26 7.5 0.351
3/07 18 70 17 12 1.0 0 0.31 1.01 9.5 2.974
3/14 27 (no substrate analysis) 0.37 0.70 8.0 2.072
3/14 34 (no substrate analysis) 0.42 0.68 9.0 2.570
3/27 28 40 50 3 1.0 6.0 (est. 0.100)
3/27 32 5 5 -90Z slabrock/bedrock- (est. 0.300)
4/18 21 50 25 15 5.0 5.0 0.40 0.50 3.0 0.600
4/18 20 85 0 0 2.0 3.0a 0.20 0.80 6.0 0.960
5/10 35 35 52 8 4.0 1.0 0.24 0.58 8.7 1.211
5/16 24 10 60 20 7.0 3.0 0.32 0.66 25.0 5.280
5/17 16 20 18 2 -60* slab/bed- 0.15 0.75 2.5 0.281
6/13 12 40 40 10 8.0 2.0 (est. 1.000)
8/02 11 (no substrate analysis) 0.20 0.50 3.0 0.300
10/25 35 80 10 7 3.0 0 0.30 0.40 4.0 0.480
11/06 18 (no substrate analysis) 0.17 0.70 4.5 0.536
1/17/86 35 70 20 5 4.0 1.0 0.22 0.43 5.0 0.473
1/31 18 90 7 2 0.5 0.5 0.17 0.28 5.0 0.238
2/18 35 90 7 2 0.5 0.5 0.40 0.70 9.0 2.520
2/28 18 90 6 3 1.0 0 0.18 0.38 5.8 0.397
3/12 4 (no substrate analysis) 0.18 0.68 24.0 3.020
4/01 35 60 30 7 2.0 1.0 0.11 0.49 29.0 1.563
4/11 18 75 18 5 1.0 1.0 0.31 0.94 9.0 2.623
4/24 35 30 40 15 10 5.0 0.24 0.63 32.0 4.838
5/13 1 80 10 5 3.0 2.0 0.07 0.40 4.0 0.112
5/14 17 60 15 15 6.0 4.0 0.06 0.30 4.0 0.072
5/16 10 30 50 10 5.0 5.0 0.05 0.42 12.0 0.252
5/22 35 45 30 10 8.0 7.0 0.23 0.54 18.5 2.298
5/22 6 60 25 10 3.0 2.0 0.27 0.60 5.0 0.810
5/27 31 70 15 7 5.0 3.0 0.22 0.73 8.0 1.285
5/29 12 60 10 15 10 5.0 0.48 0.52 10.0 2.496
5/30 9 80 15 2 2.0 1.0 0.13 0.47 12.0 0.733
6/12 26 80 16 3 0.5 0.5 0.22 0.43 4.5 0.426
6/17 16 95 5 0 0 0 0.55 0.52 4.5 1.287
6/20 18 80 10 7 2.0 1.0 0.19 0.52 7.0 0.692
6/24 23 65 25 4 3.0 3.0 0.14 0.77 5.5 0.593
6/24 1* 50 35 8 4.0 3.0 0.14 0.79 9.0 0.995
7/03 24 40 40 10 5.0 5.0 0.44 0.42 10.5 1.940
8/22 18 72 20 5 2.0 1.0 0.10 0.38 3.8 0.144
8/22 17 40 40 10 5.0 5.0 0.05 0.45 3.5 0.079
8/29 5 65 30 3 1.0 1.0 0.06 0.41 5.0 0.123
9/05 20 74 18 4 2.0 2.0 0.14 0.16 9.0 0.202
9/12 25 55 32 7 4.0 2.0 0.17 0.42 11.0 0.785
9/19 3 40 40 10 6.0 4.0 0.05 0.47 4.0 0.094
9/19 9 60 25 8 4.0 3.0 0.09 0.56 5.5 0.277
9/26 8 10 60 15 9.0 6.0 0.12 0.16 8.0 0.154
10/03 1 65 20 8 4.0 3.0 0.08 0.26 2.0 0.042
10/17 33 20 50 20 5.0 5.0 0.04 0.24 5.0 0.048
H/2' 15 62 28 4 3.0 3.0 0.19 0.34 15.0 0.969
11/21 23 76 16 4 2.0 2.0 0.17 0.38 10.0 0.646
Other material such as clay.
These values are for the upper one-third; the lower two-thirds of the
riffle had 70-20-6-2-2 percent in the respective substrate categories.
cThese values for riffle 1; riffle 2 values follow: 45-35-15-3-2.
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of 24% (6.3-16 mm), 9.4% (1.0-6.2 mm), 3.5% (0.5-0.9 mm), 2.4%
(<0.5 mm) and 3.7% (other, including bedrock, slabrock and clay).
The replicate substrate analyses at a given site were somewhat variable
as was the composition as one progressed downstream. Headwater areas
were typified witha greater percentage oflarger rocks (100-300 mm),
which provided a greater number of under-rock or "on the leeward
side of the rock" niches. The favored habitat of the Ouachita madtom
(Noturus lachneri) was substrate dominated by larger (60-140 mm) rocks
withlittle orno silt deposition, leaving numerous cavities available for
temporary refugia (Rickett, 1986). The slabrock/bedrock areas were
obviously difficult to colonize by fish ormacrobenthos. The substrate
at most sampling sites was relatively free of silt, except at sites 7, 24
and 25. A bridge was being built near site 7, and a large amount of
loose soil had washed into the stream. Furthermore, during a non-
sampling visit on 20 Aug 85, evidence of the passage of a large con-
struction machine through the stream channel was readily observed.
Stream Flow
Discharge (Q) measurements are given in Table 6, whereas Figure
Stream Hydrology
Morphometric and flow variables were measured during a period of
lowest expected levels (1,2 Aug 86) to determine the minimum natural
flow (Table 7). There was more variability of measurements taken in
pools than riffles. The fivenumbered sites exhibited typical headwater
Table 7. Summary of hydrological data on the upper Saline River system,
Saline County, Arkansas, 1986.
Figure 4. Average monthly discharges (Q) at selected sites on the four
major tributaries of the upper Saline River system, Saline and Garland
Counties, Arkansas, 1985-86 (data from this study).
4 shows seasonal variation. During the spring of the year the Alum and
Middle Forks exhibited about the same discharge with the South and
North Forks slightly less, except when water was being released from
Lake Norrell for pick up by the Benton public water system or to relieve
pressure on the lake. During the dry part of the summer the Alum Fork
was often the smallest of the four, particularly within ten river miles
downstream of Lake Winona. A very recent visit (25 Jul 86) to site 16
(above Lake Winona) revealed a stream withno perceptible flow and
only small pools remaining. Itwas not uncommon for about any por-
tionof the stream to experience a ten-fold variation between sustained
spring flow and dry summer flow. The lower NorthFork probably ex-
perienced less variation because of sustained flow efforts by the
Benton water works utility.
As expected flow patterns and discharge varied with the seasons, and
resident species have adapted to the pattern. Evidence of flooding was
recorded indicating the depth in some reaches varied by a factor of 20.
Localized streamside flooding occurred, but the floodchannel was steep
in most places and held most of the flood waters.
Site
Variable 14 24 35 9 23 Saline 3
Date 8/2 8/1 8/8 8/2 8/2 8/1
Discharge (Q)(m3/s) 0.282 0.476 0.216 0.248 0.156 0.375
Riffle volume (m )
Range—low 3.6 18.2 7.0 5,9 4.8 116
Range— high 85.0 50.2 20.4 45.1 27.8 215
Mean 28.6 34.3 14.7 19.9 14.6 166
Pool volume (m )
Range— low 26.2 230 16.6 10.6 32.3 137
Range— high 579 1740 197 7570 1643 13,644
Mean 260 630 68.8 1546 482 8,708
Residence time (min)
Range— low 1.6 8.1 1.3 0.7 3.4 7.1
Range— high 34.2 60.9 15.2 510 175 607
Mean 15.4 22.1 5.3 104 51.3 388
Riffle length (m)
Range— low 7.5 12.0 15.0 12.5 6.0 36.0
Range— high 55.0 76.0 39.0 48.0 41.0 104
Total 180 190 137 180 132 286
Mean 29.9 38.0 22.8 30.0 22.0 71.6
Pool length (m)
Range— low 11.5 31.0 7.5 8.0 11.5 18.0
Range— high 71.0 168 49.5 332 106 646
Total 199 410 146 530 260 1,183
Mean 33.2 82.0 24.4 88.4 43.3 394
Riffle velocity (m/s)
Range— low 0.22 0.42 0.20 0.15 0.36 0.20
Range— high 0.47 0.62 0.65 0.52 0.53 0.32
Mean 0.34 0.49 0.37 0.28 0.45 0.26
No. riffles measured 6 5 6 6 6 3
No. pools measured 6 5 6 6 6 3
Stream length meas. 379 600 283 710 734 1,469
Pool/riffle ratio 1.1 2.2 1.1 2.9 2.0 4.1
aUnnumbered site on the Saline River 2 km west of Tull on the Saline-
Grant County line, approximately 8 km downstream from Benton.
characteristics of shorter pools and more riffles per linear distance,
whereas the Saline site was located in the transition zone to a lowland
stream (longer pools and fewer riffles). The pool depth in the head-
water area varied more widely ranging up to (estimated) four meters,
while the maximum pooldepth inthe lowland region was 1.6 m.Close
to the Alum Fork site (23) was a pool with the greatest volume (ap-
proximately 32,000 cu m) primarily because its depth averaged about
two meters. The North Fork site (35) also had a large pool nearby which
was made more extensive by a beaver dam. Most of the headwater pools
were much smaller.
Pool/riffle ratios varied from 1.1 at the Middle Fork site to 4.1 at
the Saline site. The lower pool/riffleratios (around 1.0) indicate a more
even stream occupation by pools and riffles, which should be the ideal
arrangement for optimum dispersal of niches and maximum develop-
ment of community feeding resources. Ifour primary interest is in pool
dwellers, and most game fish are, certainly numerous resources exist
in the pool itself, but additional items are available from the adjacent
riffle.As populations ofriffledwellers reach maximum density, some
are forced to move out of the riffle,quite often downstream into the
next pool where they become available as food to pool-dwelling fish.
Considering physicochemical and substrate characteristics and stream
hydraulics, the Saline River exhibits much variation which provides
numerous transition zones within which significant changes occur.
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Although ithas not been confirmed for this headwater region, different
areas withinitshould exhibit varying diversities of species. Statzner and
Higler (1986) argue that the highest diversities should occur in transi-
tion zones ofstream (such as braided channel areas or the simultaneous
confluence of two or more tributaries).
Vegetation
The predominant tree species along the stream were water oak
(Quercus nigra), willowoak (Q. phellos), sweet gum (Liquidambar
styraciflua), blackgum (Nyssa sylvatica), black willow (Salix nigra),
sycamore (Platanus occidentalis) and river birth (Betula nigra). Shrubs
such as buttonbush (Cephalanthus occidentalis) and alder (Alnus
serrulata) were also common. Headwater areas of the streams were
usually extensively shaded (up to 80 percent), which facilitated the in-
put of allochthonous nutrients and retarded solar heating of the water.
Lower sections lacked heavy streamside shading because the pools were
typically wider and longer. The allochthonous deposition of sweetgum
aggregate fruitsand alder fruits into the stream should be particularly
important because these products apparently serve as refugia for cad-
disfly larvae and other small invertebrates until decomposition ofthem
is well advanced. Water willow(Dianthera americana) was recorded
at all sampling sites and reached maximum profusion in early September.
In some areas its growth choked riffles and occupied large portions of
shallow areas of pools. Algae, predominantly greens and bluegreens,
also occupied some shallow pool areas inearly September, particular-
ly in the South Fork.
CONCLUSIONS
Allareas of the upper Saline River system exhibited characteristics
of a typical headwater stream. Clearcutting forested portions, construc-
tion and agricultural runoff seemed to be the three major human im-
pacts to this diverse watershed. Physicochemical measurements indicated
high water quality, and inmost areas the rifflesubstrate composition
offered a variety of microhabitats and refugia for macrobenthos and
riffle-dwelling fish species. A clear distinctionbetween pooland riffle
existed, and the pool/riffleratio was slightly more than unity indicating
nearly equal division of the stream into these twomajor habitat types.
Both pools and riffles contained numerous microhabitats which were
occupied by a wide diversity of organisms (Rickett, MS in prep.).
Streamside vegetation was varied and provided abundant shading and
deposition of allochthonous materials. Because the Ouachita madtom
(Noturus lachneri), endemic to the Saline River headwaters, requires
clean water and open substrate cavities, the present quality of the stream
and its watershed should be carefully protected. Unfortunately much
of the watershed is presently owned or managed by parties who may
be less concerned about protection.
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